To determine whether depressive symptoms measured at baseline are associated with mortality and to describe the course of depressive symptoms and their relation to physical decline in patients over a 6-year period. CONCLUSIONS: Symptoms of depression were not associated with mortality in this cohort of older adults. However, patients with depressive symptoms reported greater functional impairment than did those without depressive symptoms. Moreover, decline in physical functioning was independently correlated with a concurrent increase in depressive symptoms.
N umerous studies have consistently described excess physical illness, functional impairment, and morbidity among patients with depressive symptoms. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, previous studies addressing whether depression is a risk factor for early mortality have reported conflicting results. Some of these conflicting results may be explained by important differences among studies in definitions of depression, study populations, attention to confounding clinical variables, and length of follow-up. For example, studies identifying depressive symptoms among communitybased populations have typically not found an excess mortality among those subjects with significant symptoms of depression, while studies identifying criteria-based disorders in specialty psychiatry populations have reported excess mortality among patients with these disorders. 18 Other studies have reported that among patients with specific medical conditions, those with depression have poorer clinical outcomes, including mortality. [20] [21] [22] [23] The Medical Outcomes Study demonstrated that the functioning and well-being of depressed patients is compromised as severely as that of patients with major chronic medical conditions. 1 That study also reported that the combination of depression with chronic medical conditions is associated with twice the reduction in social functioning associated with either condition alone. Furthermore, patients with significant symptoms of depression who do not meet criteria for major depression have been shown to suffer significant morbidity from these symptoms. [1] [2] [3] [4] [5] 19 Previous studies, however, have not elucidated the etiology of the relation between chronic medical illness, depressive symptoms, and functional impairment. Furthermore, it has proven difficult to determine whether patients with depressive symptoms and functional impairment have a greater risk of mortality than patients with similar functional impairment but no depression. 24, 25 Information on these issues would inform treatment of depression in patients with chronic medical illness with regard to whether it may improve functioning and survival as well as mood.
This study had two specific aims. First, we sought to determine if depressive symptoms at baseline identify a group of older primary care patients with greater mortality over 5 years. Second, we sought to describe the course of depressive symptoms and their relation to physical decline over a 6-year period.
METHODS

Mortality Study
The study site was an academic primary care group practice affiliated with the Indiana University School of Medicine. In 1991, this practice delivered primary care to more than 12,000 patients, resulting in approximately 40,000 outpatient visits per year. 26 The study was conducted in two phases from January 1991 to November 1996.
Phase 1 took place from January 1991 to June 1993. Of 4,413 patients aged 60 years and older making regularly scheduled primary care visits, 3,767 (85%) were screened for depression, dementia, and alcoholism. Prisoners were excluded, as were patients residing in a nursing home, those unable to speak English, and those who were hearing impaired. The screening instruments included the Center for Epidemiologic Studies Depression scale (CES-D), 27 the Short Portable Mental Status Questionnaire (SPMSQ), 28 and the CAGE alcoholism questionnaire. 29 Detailed methods and results of the screening program for these three conditions have been previously reported. 19, 30, 31 Professional research assistants administered the study instruments in face-to-face interviews in the primary care clinic.
In addition to these screening data, we obtained clinical data from the Regenstrief Medical Record System. 32 For screened patients, we determined history of smoking, the last available serum albumin level, and the percentage of ideal body weight using standard formulas and height and weight at the time of the baseline interview. These variables were chosen because of their reported association with mortality. Mortality for all 3,767 screened patients was determined as of December 1995 using hospital discharge condition, death summaries, autopsy reports, and the Indiana State Board of Health's death certificate files.
We used proportional hazards regression to determine if a baseline CES-D score of 16 or above was associated with mortality when controlling for age, gender, race, education, cognitive impairment (SPMSQ score Ն 3 errors), evidence of alcohol dependency (CAGE score Ն 2), history of cigarette smoking, serum albumin level, and percentage of ideal body weight. A score of 16 or greater on the CES-D indicates significant symptoms of depression (sensitivity, 80%; specificity, 72%) and is widely used as a screening threshold. 27, 33 We constructed three dummy variables for ideal body weight representing patients in the highest 10% of ideal body weight, the lowest 10%, and the 80% in the middle of the distribution. The middle range of ideal body weight was used as the reference category. The duration variable in the Cox proportional hazards model was the number of months from enrollment in the study until death or until December 1995, whichever came first. The main purpose of this Cox proportional hazards model was to determine if a patient's CES-D score was independently associated with mortality when controlling for those variables previously reported in the literature to predict mortality among older adults.
Symptom Follow-up Study
Phase 2 of the study was conducted on a subsample of the original cohort of 3,767 patients described above in the mortality study. All patients who scored 16 or higher on the CES-D and a random sample of 100 patients who scored below 16 on the CES-D at baseline were invited to complete a second-stage extended interview within 2 weeks. Informed consent was obtained after explaining the risks and benefits of participation. The second-stage extended interview consisted of the Hamilton Depression Rating Scale (HAM-D) 34 and the Sickness Impact Profile (SIP). 35 The HAM-D is a 21-item questionnaire that measures severity of depressive symptoms. The range of scores on the HAM-D is 0 to 63 with scores of 10 to 20 indicating mild to moderate depression and scores above 20 suggesting more severe depression. We used the physical and psychosocial subscales of the SIP to measure the impact of illness on patients' quality of life and as a measure of overall functional status. The original SIP contains 140 items assessing 12 categories of functioning: sleep and rest, emotional behavior, body care and movement, home management, mobility, social interaction, ambulation, recreation and pastimes, communication, alertness behavior, work, and eating.
Of the 612 patients who exceeded the threshold on the CES-D, 300 (49%) agreed to participate in subsequent assessments. Eligible patients who declined to participate in the subsequent assessments did not differ significantly from enrollees by gender, race, education, percentage with cognitive dysfunction or evidence of alcohol dependency or mortality, but they were slightly older (68 vs 66 years, p Ͻ .01) and had slightly lower mean CES-D scores (24 vs 25, p Ͻ .01) than did study participants. 19 Of the 3,155 patients who scored below 16 on the CES-D, we used a random list of patients to assemble a sample of 100 consecutively consenting patients (3%). Thus, a subsample of 400 patients in total participated in the follow-up study.
The follow-up study took place from January 1994 to November 1996 and included yearly follow-up interviews of the 400 patients. These subsequent assessments were completed by telephone by professional interviewers affiliated with the Indiana University Public Opinion Laboratory. The telephone interview consisted of the CES-D and the physical and psychosocial subscales of the SIP. Because patients were enrolled in the study over a 3-year period from 1990 through 1993, the duration of follow-up ranges from 6 to 51 months and the number of follow-up interviews ranges from 1 to 4.
We used the generalized estimating equation method, [36] [37] [38] to determine if a decline in physical functioning was independently associated with worse symptoms of depression at follow-up. The formula summarizing this analysis is shown below: , where n is the follow-up assessment at time 1, 2, 3, or 4, and n Ϫ 1 is the prior assessment.
We chose the generalized estimating equation method (with an unstructured working correlation matrix) because this method allows us to examine change over time in patients' depression scores while accounting for the correlation among an individual patient's repeated measures, variable lag times between patients' assessments (due to variable enrollment dates, missed reassessments, and loss to follow-up), and multiple covariates. Rather than modeling an average change over two points in time (as would be necessary in a linear regression), the generalized estimating equation allows for multiple observations per patient and the fact that an individual patient's scores move up and down on individual scales over the various observation windows.
RESULTS
Among the 3,767 patients screened, the mean age was 68 years (range 60-102 years), 68.8% were women, 63.4% were African American, 43.6% had 8 years or less of education, 15.7% had cognitive dysfunction ( Ն 3 SPMSQ errors), 10.5% had evidence of alcohol dependency ( Ն 2 positive responses on CAGE), and 612 (16.2%) exceeded the threshold for depression (CES-D Ն 16).
The mean follow-up period was 45 months ( Ϯ SD 12.2 months); 561 (14.9%) of the patients died by December 1995. Figure 1 displays the survival curve for patients with depressive symptoms at baseline as compared with patients without these symptoms at baseline controlling for the other clinical variables. In Cox proportional hazards models, age, gender, race, history of smoking, serum albumin level, and an ideal body weight in the lowest 10% were significant predictors of time to death ( Table 1) . The baseline CES-D score as a dichotomous variable (CES-D
was not a significant predictor of time to death either when controlling for these other clinical variables or when it is the only independent variable in the proportional hazards model. To explore the sensitivity of our results to dichotomizing the CES-D score, we repeated the proportional hazards model by including three dummy variables to indicated CES-D scores of 6-15 (36% of patients); 16-24 (9%); and above 24 (7%); a fourth reference category was subjects with CES-D score of 0-5 (48%). This also failed to demonstrate an independent relation between mortality and higher CES-D scores. Table 2 displays the baseline characteristics of the random sample of 100 older adults with CES-D scores below 16 and the 300 older adults with CES-D scores of 16 or higher who participated in the follow-up study. Patients with depressive symptoms more often were white, more often had history of smoking, had higher HAM-D scores and had worse physical functioning and psychosocial functioning in each domain of the SIP.
Patients with CES-D scores of at least 16 had a slightly higher rate of reinterview (88.7% vs 82%, p ϭ .04). There was no difference in mean duration of follow-up (Table 3) the follow-up period, and patients with CES-D scores of 16 or higher at baseline continued to report greater impairment than those patients without significant depressive symptoms (Table 3 ). The magnitude of these differences in functioning were similar to those found at baseline.
In a model of the patient's CES-D score at the end of an observation interval as a function of the patient's CES-D score at the beginning of the observation interval, the change in SIP physical functioning score over that interval, the mean SIP score for that interval, and other baseline clinical variables, the strongest predictor of the current (Table 4) . Changes in SIP physical functioning score and mean SIP physical functioning score were also independently correlated with change in the CES-D score over that same interval (Table 4) . In a similar model including the three subscale scores composing the SIP physical functioning score, only changes in the body care and movement subscale and the mobility subscale were independently correlated with change in the patient's CES-D score. We did not use the psychosocial subscales in these models because of the substantial overlap in individual items among these scales and the CES-D items.
DISCUSSION
This study had two major findings. First, depressive symptoms were not associated with mortality in a cohort of 3,767 primary care patients. Second, among a representative subsample of 400 of these older adults, patients with depressive symptoms at baseline reported nearly twice the functional impairment of older adults without depressive symptoms, and these patients were more likely to report depressive symptoms and functional impairment at subsequent reinterviews. Also, worse physical functioning and a reported decline in physical functioning were independently correlated with an increase in depressive symptoms, even when accounting for patients' prior level of depressive symptoms.
This study builds on the results of previous reports by following a large primary care sample of older adults for up to 6 years, explicitly documenting the change in depressive symptoms and functional impairment over time, and examining risk of mortality while controlling for a host of confounding clinical variables known to increase risk of death.
In a 1992 review, Thomas et al. suggested that prior studies reporting such an association between depressive symptoms and mortality among older adults tended to enroll patients from specialty psychiatry settings who meet criteria-based definitions of depressive disorders. 18 These studies often failed to control for important clinical covariates such as comorbid conditions or smoking history.
Prior studies reporting no association between depression and mortality have tended to enroll community-based samples and measure depression severity using symptom-based scales. For example, in a study of 1,855 community-based older adults, Thomas et al. found no association between depressive symptoms at baseline and survival time over 3 years. 18 Similarly, in a populationbased study of 1,612 adults aged 50 years and older, Gallo et al. found no increase in the relative risk of 13-year mortality among patients with major depression or with depression syndrome with sadness. 39 In contrast, in a population-based study of 3,560 people, those with major depressive disorder determined using the Diagnostic Interview Schedule had an increased relative risk of death in proportional hazards models adjusted for age only. 40 The current study extends these prior reports by enrolling a large sample of primary care patients aged 60 years and older for whom we had access to several important clinical variables previously demonstrated to predict mortality in older adults. [41] [42] [43] The patient sample enrolled in the current study is older and, because we enrolled subjects visiting primary care clinics, likely had a greater burden of medical illness. Thus, these patients have a higher expected mortality and multiple competing potential causes of death. Nonetheless, we found no association between depressive symptoms and mortality. The strongest predictors of mortality in this cohort were smoking history, greater age, male gender, and evidence of poor nutrition.
Although mortality rates did not differ between those with and those without depressive symptoms at baseline, patients with depressive symptoms did report significantly greater physical impairment. This impairment was reported for relatively high levels of functioning, such as communication and social interaction, as well as for more basic functioning such as body care. The disparity in functional impairment between those with and those without depressive symptoms persisted several years after the baseline interview.
The observation of excess physical disability among the patients with depressive symptoms presents a paradox. Because previous studies have demonstrated that functional impairment is associated with survival, one would have expected to find that patients with depressive symptoms had excess mortality at least in part due to their reported excess functional impairment. [41] [42] [43] The SIP instructions specifically ask if it is because of the patients' health that they are unable to perform the activity. 35 The fact that we did not find this association raises the question of whether these patients' depressive symptoms caused them to overestimate their physical impairment 44 -a possibility that merits future research. One reason for overestimating physical impairments may be the patients' attempts to explain or express their impairment on the basis of physical rather than psychiatric illness. Alternatively, their physical impairment could be quite real, but because part of the etiology of this impairment is an affective disorder, the excess physical impairment may not confer the same excess mortality attributable to physical impairment due to chronic medical illness.
There are several limitations with these data. First, we measured symptoms of depression rather than criteriabased diagnoses. It is possible that patients with criteriabased major depressive disorder do have excess mortality due to their affective disorder; these data cannot address this issue. Also, it is conceivable that patients with depressive symptoms were more likely both to move out of state and to die, thereby causing misclassification bias. Second, among the reinterview sample, some patients have longer follow-up and more reinterviews and thus contribute more observations to the analysis using the generalized estimating equation method. However, we repeated our analyses limiting the data to only one observation per patient, and the results were unchanged. Third, our study of the relation of depressive symptoms to function is limited to 400 of the larger screened sample of 3,767 older adults. Finally, we did not determine whether worsening function preceded an increase in depressive symptoms, or vice versa.
Consistent with previous studies, the best predictor of future severity of depressive symptoms was prior level of depressive symptoms. 8, 10, 13, 25, [45] [46] [47] [48] [49] [50] [51] [52] However, declining functional status was also associated with worsening depressive symptoms. Thus, there were aspects of depressive symptoms and functional disability that were not associated with excess mortality. Future studies should seek to determine if successful treatment of late-life depression results not only in a reduction in depressive symptoms, but also improvement in physical function. This is especially important among the cohort of older adults treated in primary care settings because these patients typically suffer from multiple chronic medical illnesses that contribute to functional impairment. Finally, consideration must be given to the possibility that psychiatric and physical symptoms each simply occur together and contemporaneously to some degree in each patient. 53 This possibility places a premium on treatment strategies and health systems capable of addressing the full range of patients' problems simultaneously. 54 
